In vivo gene electrotransfer into skeletal muscle: effects of plasmid DNA on the occurrence and extent of muscle damage.
Understanding the mechanisms underlying gene electrotransfer muscle damage can help to design more effective gene electrotransfer strategies for physiological and therapeutical applications. The present study investigates the factors involved in gene electrotransfer associated muscle damage. Histochemical analyses were used to determine the extent of transfection efficiency and muscle damage in the Tibialis anterior muscles of Sprague-Dawley male rats after gene electrotransfer. Five days after gene electrotransfer, features of muscle degeneration and regeneration were consistently observed, thus limiting the extent of transfection efficiency. Signs of muscle degeneration/regeneration were no longer evident 21 days after gene electrotransfer except for the presence of central myonuclei. Neither the application of electrical pulses per se nor the extracellular presence of plasmid DNA per se contributed significantly to muscle damage (2.9 +/- 1.0 and 2.1 +/- 0.7% of the whole muscle cross-sectional area, respectively). Gene electrotransfer of a plasmid DNA, which does not support gene expression, increased significantly muscle damage (8.7 +/- 1.2%). When plasmid DNA expression was permitted (gene electrotransfer of pCMV-beta-galactosidase), muscle damage was further increased to 19.7 +/- 4.5%. Optimization of cumulated pulse duration and current intensity dramatically reduced gene electrotransfer associated muscle damage. Finally, mathematical modeling of gene electrotransfer associated muscle damage as a function of the number of electrons delivered to the tissue indicated that pulse length critically determined the extent of muscle damage. Our data suggest that neither the extracellular presence of plasmid DNA per se nor the application of electric pulses per se contributes significantly to muscle damage. Gene electrotransfer associated muscle damage mainly arises from the intracellular presence and expression of plasmid DNA.